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Abstract: A certified reference material (CRM) of KRISS 109-03-SSD was developed for the analysis of
hazardous elements in soil. The target elements were As, Cd, Cr, Cu, Hg, Ni, Pb, Zn being regulated by the
Soil Environment Conservation Act. Starting material was collected from tailing dump of an unworked tungsten
mine at Sangdong (Gangwon-do, Korea). The starting material under-went through a series of fabricating process
steps of screening, drying, grinding, sieving, blending, bottling, sterilization and was certified according to the
ISO Guide 35. Isotope dilution-inductively coupled mass spectrometry (ID-ICP/MS) and instrumental neutron
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activation analysis (INAA) were used for the measurement. Homogeneity was tested according to ISO 13528

annex B. The certified values were determined using the results from two different methods or from two

independent measurements using a method. Finally, certified values of seven elements of arsenic, cadmium,

chromium, copper, lead, nickel and zinc were determined. Mercury did not satisfied the criteria of homogeneity

and the result would be provided for information only, together with iron and tungsten. It was also studied,

the extractable fraction of elements by aqua regia according to the ISO 11466 protocol being frequently studied

for the purpose of environmental monitoring. It was performed as a inter-laboratory study by 6 laboratories

of a public institute and universities. Standard deviation among the laboratories was much bigger than the

uncertainty of the certified value. The result of inter-laboratory study on the extractable fraction will be provided

for information, only.

Key words: soil, certified reference material, hazardous elements, homogeniety, stability, certification, elemental

mass fraction, extractable fraction
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2 ATINE EPNRS 34 A=Y F4 9

=
a Feleh S48 EIAFEFEAL NS,

o ] tiw| 2RE AFHsIRom, Al R, T3,
AAE, B 5o S AM Az vy FARE
3} 7] F-(International Standards Organization; ISO) Guide
359 AakE EE3te] AFIIATE! 28] P
EAE 98 O 788 5 de G5 S22 A
dolAe &l U NPFx FPst] AF 4
e} sl AN SR TS

2.1. 2xe| M=

CRM A|Zx U= S F9E dasAYe] §ax
g #HFe] Fu] Hu25E A FHsATE AHALLS
7% 128°48'16"E, 9= 37°735"No|th. A& A F A
Ao vHru JE, 28 AL oF 10 em TS A E
S AAS o EehaE AT vEeAE o] &3t
o] 2F 200 kgo] AEE ANFSATH

AFF N EE CRM AZRYE uksle] Zgjdg
A ZE 9o 2A HA A F F& AARE AA
8kaL 42 Az 2 mm ©]stE Al AEal v
Al 50°C LEX oF 20 A7 AZXT oS air jet
mill (Hosoga Alpine, 100AFG, %)< ©] €3l 100
pmo| ko] g 7FEE Sk BHAE AEE Y
27 100 Lo WHo] H|ZFEo = 3 EE V-mixer
(H7REA] V-100L, gH=1)ell oF 60 kg A= 338t
3 AEE 15 pmol A 10417 &3kt 72 3)st
AN EE 9F 400 709 125 mL 24 &2 (Fisher#02-
911-440)° 50 g & A% W Y3l Co-60 MYz
20 kGy<] #opa S ZAFste] kst
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22. 2l ¥ FMHE 2N
7Fe¥ CRM £ H EZ@o & JdA=7] Ex9}
/\4_0_

AABIAT JA=7] EAClE Y
7](MASTERSIZER 2000, MALNERN Instrument,
og;.)g: o] &3l HAM o T =AY FAARE
ol 24 & F 8 A 7] (Rigaku ZSX 102, ¥ )=
|31, 71719] WA= AR il RIFE
E4<l SRM 2780 (Hard Rock Mine Waste, NIST,

mr-h:

F&A BE 83
Aol #A% H7telE 1S0
H(ANOVA test)©] 4-8-%
35e dAE ZAF AR EE
22X AR o Fe| w7

E Ao A= 180 135285

upel Aad Q15 E e (UpE AA 3
3, AR W7ZF FFHUAL (s)E ARSI s < 03xUr
20E& vHgdhs A ARERE A5 a2 o5
£ Wrieksleh 942 /1S B e &
F AR T FAUE BN B a7HE 28
=g el FEESE 10%E 2g3kitt
oF 40071 e] WU ANEZFE BY =AMl w2t
Ao 10 BE AL 7 ARl = iH

AlEE AEE BT o]E 2079 AlEE A EE
T2 MR 243 12 1SO 135289 44 B
weh AlE 7F FEAAKs)E At SAHE
Yzl we} vho] A2 3h ALS/ID-ICPMS 3 INAA
£ o] g3l on AEE AlE AFHFS ID-ICP/MSe]
A= 250 mg ©]3}, INAASIA= 100 mg ©]3l7} S &=
& 3t

24. AIZEA

AFL AT BAe APASY 482 AHow
sh, 840 23y Agol e Udol B E
Bae) WL 4897, B A SYWTo] 4§
7F5 e o] tElHE FUT PHES SYHOR 2
3 A gstel 2T A5 el ol
A% A3t B §AW Pyel %Y 23] AP o3
At EFEHE WAWAA A2 LXe, HF
NEE HPEYES BE HPRGE WY ol
A% A Aol BARS AFGOR st

NEE 400 A YD N7 F 7t HEEL
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T HHeg 10 s AA
°1—% Al 5 o A 7#’—% R A d8 A&
A8 ol A S SHA R 23] WSt
Cd, Cr, Cu, Ni, Hg, Pb, Zn 4]0 59943142
A1 (ID-ICP/MS, Isotope Dilution Inductively Coupled
Plasma Mass Spectrometry)S 2}-8-3}3L As, Cr, Zn 4]
ole 717153 APEAFSHEA] (INAA, Instrumental Neutron
Activation Analysis)S 483} T},

]_

Amlmo
4 52
2 &

o}
2

24.1. S MEZEN
ID-ICP/MSel| ]38 &4 o
T2, 2, YA, |, ofdelth. ELAN 6100 DRC-
ICP-MS (Perkin-Elmer SCIEX, 7lUthE AH&-3la,
DRC %F-8-7]3 2 NHs(= 99.9995%, Sokatronic, ¥]=})
& ARSI FEEHUAE Med, ®Cu, %Zn (US.
Services Inc., P]=), ¥*Cr, 2Pb (Oakridge Lab., V]=})
7} 2®Hg (TRACE Sciences International Corp., T]=%),
2832 Ni (ISOTEC Inc., v]=)E A& T 59
Ao vl g A S 98 AR 7S Rdae 4
n0cd, RCr, BCu, MHg, ©ONi, 2Pb, %7Zno]T}. Cde

+ AE Fol EAshs 7Hdele ukgl 2cdS A}
£371% 3t th IDICP/MS ZA o H 23t spike
calibration solution®] Azl
A EFE NS AT

Ag Zallde vola22 8 HEsH S 4835ttt
A& Hafol] AFESE AAke MEAF Ak E =
A, =)= sub-boiling still Foll A A A AL
/\]-—9—0]-0311]- AE oF 250 mge vio|ART} HE HE
Hkg-8-7190 FH st \:]'- FEEYYA9) 9 mLe] A
XE 2b gl 4 mLe] BARS Arbstal wiela 25 i

7] (Milestone Ethos plus, ole2])ell wo] 230 °Ce|
A TEH 3T A8 E o g Yz & dAEe s
31(5000 rpm) FEHS F 3 100 mLE FHTE o] Al
g0l 1% NH,OHE 713l “""—'11 ARE AN 7L
AaEE]ste] dojzl FF S DRC mode®] ICP/MS
o FYstd A2FES 574 } ATk Tt eR, T, T,

U, g, olde o] 4F NS oAl H. M. Kingston

530] AAS HH-S we} Chelex 100 ©]- 2w 3HX]
o] ot dze] W L EFSe £ HHE A
| ZHdol&g AAS ths S4 A

'(_..1_ R 7}‘_‘?5‘, ELE—EL,

o
3
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o:rsﬂr
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242 7|7|=MRIEIAISHE A
71715/ AP AFSE A (INAA, Instrumental Neutron
Activation Analysis)oll €3t 4] t)d94e ¥4, =



488 A% - WgA - 457 -

2H, o<, &, e Solt) i AFE 93
H] 2 ¥ 53| ¥ (standard comparator method)®’S- ©]-8-3}
AT) o] WHoN= A5} B ETAE Tt =
AoA F8A 2AbstaL AEsHA Eoh FEA=
KRISS #3#4 4 AT HEN S AFZ o= o3
Al Aot - AXAIA AZsIATE E4 AR AR
9] ¥ °F 100 mgelH, A5t EFA= BT A&
13 mm, ¥7] 2 mm " Fe) 2 7Fgste] A =
A b ASAIY 7t S XA B4
AL ZARE SHAAEATY ATEYAER SR
INAA A& 7153 NAARCIA 4A17F 5ok 2313
ot NAA#2 ZAbgAlA el E3AdA4S 2.8x10%n
cm?¥so|t}.

FRAA A FE F BRIl 10% PlRke] HE
£ °F 8 o < AN F AHEE 30%°] HPGe
ZAZE7](FWHM 1.8 keV at 13325 keV, GEM 30,
EG&G Ortec, USA)E ©]-&3te] AlS3etadtt A5
SN oF 2A17Fo A A7 el TE HA] 2k 5
e HA, I2E, ofd 94&HE 7H7) 559.1 keV,
320.1 keV, 1115.5 keV oYX ZmA d =0t} 4
A4 ZEA 8 Fe d9hehg o] &3l A8 9 FFEA| 7
FAAE HskE By ow, T4 A A 9
7rabA self attenuationol] o] 3F 9 &S WA ST 7+
w3 =] HAEA] o= multiple gamma-ray peak
£ #2]3 HYPERMET method®*Z ©]-&-3}T}.

N

25. OHHE ZAb

CRM®| Y& 8912 7| B3t 2534 o
g AleR REY, = AR AV RE =
oF @] & PR FEste] AARITE & Al
e A71R# HPEE MRS AEE 25°C oF&
ol Bad o3 1270 €, 2400, 307 Y AR
zAMe7 |2 AgEnh @] &5 = AR 7
I 20 $F BF 40°CoHAM dFA7 Byt
455 7Pgste] Al 2AF W2 B. Griepink
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EY CRM A 89 4x=27] £ 34 d3e Fig
13 2o} 4A-=27] W= 03 pm~70 um ©|H,
AAZ71E 108 pm, YAFLEE 2.65 gem®o|T}, |~
AggEAe o3 FAE A= Table 13 2t}
o1& % T Fe0:8 32 ¥ FeZH-E 313t grolt)

32. Ao ZE=E
TAE ZAF A3 Table 29F 72t} AstE INAA
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Fig. 1. Particle size distribution of the KRISS 109-03-SSD.

Table 1. Composition of main constituents of the KRISS 109-

03-SSD
Component Mass fraction Component Mass fraction
P (%) P (%)
AlLOs 7.7 Na,O ND*
Fe,0; 13.2 SiO, 62.5
K,0 1.6 TiO, 0.63
MgO 1.9 L.O.I** 3.19
MnO 0.49
*ND; not detected. **LOI; loss on ignition.
ojtt. 25 ALk 752 Yol s Alse] Wk
EFHA (sq)7F B AFolA EXSE FEAE QA <
03xU, Up 5% SFEIE)E HEadrt. 29
FAE} WA W AL AR F s B, 5
Aol|A el 71 gl o3t FaFo] e A= Ak
ot 722 7dE 871S A Zit) wet &
20] 24 Ak Bugkes A3 Aol

33. Al39 oz
AT ZAVAFE= Table 33 Ptk A B9 #EE
FAPIAN srk RaL 7 BT 3E Hee <

A& ZAMA A 3T Table 39 BE 447}

489

Table 3. Results of short-term transport stability test after 7
days storage at different temperatures, 4 °C and 40
0

Element Ry URT Stable/unstable
As 1.006 0.027 Stable
Cd 1.000 0.019 Stable
Cr 0.997 0.018 Stable
Cu 1.003 0.010 Stable
Ni 1.004 0.006 Stable
Pb 1.004 0.007 Stable
/n 0.993 0.028 Stable
B Ao 19 EPFORH CRM T2 27
24 W) % 94 81e uSHAL
34. olET W HIEHT ME
AFZHE 10 7] AR ol tg Bre] B o)
% A% i YT PYO T =Y 23] LY 4
ol W e Bk AZHUOR Stk AFH
o EFREE u(X)E the3t 7o) ST,
2 2 2
u(X) =’ (Xp) + 07 (B) + gy 3
A7 X,y T A A S ks Has Al o)
s N #e] EEESEE ey ue)l Adst

PHEZRAE, uB= TN SR 249 Akt

#polol )¢ BERHE, 18T ups 7] B P @
7] el HgEel B BIhwolth. W) 88 94
o P BEEE B CRMe] 31 £4 27 dhel
ePgyel gl met unel Al EFEA o
ok #Ee OB BRuE A7) B 43 4F

o

oA 107 Aol gk F8%ke] FFUAE Aoae]
EFEYE AEol TIAFOEZN w(),)dll olv] X7
AATEE T A o] At gk 7F Aolof] ot BxEE
S uBxE= A 7Pt Type B 3=
2A AESILS HEoE S $EIE ()
= Welch-Satterthwaite'¢ 2] o] &3} 3+ -FaA+
ERFE ol A OE uX)ll H&dtd =

Hi =2
Rty

Table 2. Results of homogeneity test on KRISS CRM 109-03-SSD

Mass fraction (mg/kg)

As Cd Cr Cu Hg Ni Pb Zn
Mean 296 2.01 52.6 62.5 0.66 25.4 14.1 150
Target expanded uncertainty (Ur) 30 0.20 5.3 6.3 0.07 2.5 1.4 15
0.3 x Ur 9 0.06 1.6 1.9 0.02 0.8 0.4 45
Between-bottle homogeneity (s) 4 0.02 0.5 04 0.04 0.2 0.1 22
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Table 4. Certified results of the KRISS 109-03-SSD

AR - @A - ABE - Y

o
2
2
o
I
)
o2

Certified value*

Element (mg/ke) Coverage factor, k Analytical method

As 296+15 2.00 INAA

Cd 2.02+0.07 2.00 ID-ICP/MS

Cr 53.04£3.7 245 ID-ICP/MS, INAA
Cu 63.0+1.8 2.07 ID-ICP/MS

Ni 25.5+0.6 2.09 ID-ICP/MS

Pb 14.2+0.4 2.06 ID-ICP/MS

Zn 148+10 2.23 ID-ICP/MS, INAA

*The uncertainty attached to the certified values is the expanded uncertainty using coverage factor corresponding to a confidence interval

of approximately 95 %

Table 5. Information values of the KRISS 109-03-SSD

Element Information value Unit  Analytical method
Fe 7.30 % INAA
Hg 0.043 mg/kg ID-ICP/MS
w 566 mg/kg INAA
3kick.
CRM 109-03-SSD A 59| 1S A I Table 491 7
o} Q=A== RS HS HAS 7

eSS
2 @ Rolu], 7} AFgel] Eelxl Baws
oF 95%0] ot THUAAE A gte] AT 3
Aol e 74
wet Fagro s Agsknh. & L A WA,
Yoo ZAATNE Tuble 59 220 ol A
oz A38 Aol

ki
> ho
P
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rlj
Iy
Q‘L
2
b
ot
2,

35 g0 9st 25 s
Ggol 9%t BEFE FFEA AAE Table 6
gokslith. Autd oz B¢ A8 T §EFTEE

& 5 9. Tble 61 F5
ZH(median)3} Q1FF =] ¥ ZRE §&3|458S A
Z3te] A et SEsEe s 9 3
AXNE] AHF Z40 o=l FPE T vE F, U5
FET e Aol sttt & ',
W, UA, oA 60% W] W &EIFES B
OU% Hl &, 7EE, FElE 90% We® dsos
=2 _I"E‘—‘ E-/\}\E]'

= 2 st 20E
Qs AP Fu1E Agaidr. ARl #
ul
=

YEe] Y@ 2AE FAstglon, HFo

Table 6. Leach data by aqua regia (ISO 11466) from cooperating laboratories for the KRISS 109-03-SSD

Mean Standard deviation Median

Range (mg/kg) **04 Leach

\
Element 1 o/kg) (mg/ke) (mg/ke) Min. Max. n recovery
As 292 25.9 292 263 325 3 98
Cd 1.79 0.49 1.76 1.26 2.40 3 87
Cr 33.7 6.40 30.1 289 42.0 3 56
Cu 64.0 18.2 60.5 453 89.7 3 96
Pb 18.8 16.2 8.95 7.72 40.5 3 63
Ni 14.4 4.24 13.8 9.36 22.0 6 54
/n 91.2 17.3 88.0 64.0 111 6 60
Hg 0.25 0.53 0.04 0.04 1.32 6 97

*No. of laboratories
**% Leach Recovery = (Median value/Certified value) x 100
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